MicroRNA (miR)-451 is a cell metabolism-related miRNA that can mediate cell energy-consuming models by several targets. As miR-451 can promote mechanistic target of rapamycin (mTOR) activity, and increased mTOR activity is related to increased differentiation of T-helper 17 (Th17) cells, we sought to investigate 
451 can work intracellularly and by secretion. Thus, miR-451 is regarded as one of the potential ideal miRNA biomarkers in cancer diagnosis. 1, 12, 17 Exosomes are cell-derived vesicles that are present in perhaps all eukaryotic fluids, including blood, urine, and culture medium of cell cultures. [18] [19] [20] First discovered in the maturing mammalian reticulocytes (immature red blood cell), exosomes were shown to participate in the selective removal of many plasma membrane proteins as the reticulocyte becomes a mature red blood cell. 21 Exosomes contain various molecular constituents of their cell of origin, including proteins and RNA. Studies concerning profiling comparison of miRNAs in exosomes between cancer and normal tissues has enabled a new direction of cancer research. 20 As mentioned earlier, miR-451 is a secreting miRNA that can also be detected in exosomes. However, the detailed roles of exosome miR-451 are largely unknown. In the present study, we investigated the existence and the roles of secreting miR-451 in human gastric cancer, as well as its value in diagnosis.
| MATERIALS AND METHODS

| Patients
The present hospital-based case-control study consisted of 76 GC patients and 42 cancer-free controls. All subjects were recruited from the 359th Hospital of PLA between January 2012 and January 2017. All patients were undergoing surgery treatment for primary GC; those with other hematological disorders, previous history of cancers, and chemotherapy were excluded. The cancer-free control subjects from the same geographic area showed no evidence of a genetic relationship with the cases. This study was approved by the Ethics Review Board of the 359th Hospital of PLA, and all patients provided written informed consent. Clinical features of all cases and controls are presented in Table 1 .
| Cell line and reagents
Gastric cancer cell lines including MKN-45 were purchased from ATCC. All cells were cultured in DMEM purchased from Gibco (Carlsbad, CA, USA) supplemented with 10% FBS (Invitrogen, Carlsbad, NM, USA) and maintained in humidified 5% CO 2 at 37°C. Human T cells were purified from erythrocyte lysis blood using a Dynabeads TM CD3 (11151D; ThermoFisher Scientific, Waltham, MA, USA). Human T cells were maintained in a T-cell culture medium which was RPMI-1640 medium with 10% FBS (Invitrogen) and 100 IU hrIL-2 (14-8029-81; eBioscience, San Diego, CA, USA).
Th17 cell polarization stimulation was based on, but slightly modified from, the previous publication. 22 Briefly, 1 9 10 5 purified human T cells were cocultured with MKN-45 in T cell medium and treated with cytokines including interleukin (IL)-6 (10 ng/mL), IL-1b (10 ng/mL), transforming growth factor beta (TGF-b)1 (5-10 ng/mL), and IL-23 (10 ng/mL) for 5 days. Five hours just before flow cytometry detection, the T cells were treated with PMA (50 ng/mL), ionomycin (1 lg/mL) as well as the transport inhibitor Brefeldin A. 
| Isolation of tumor infiltrated T cells
Fresh tissue-infiltrating lymphocytes were obtained according to the following procedure. 23 Briefly, cancer and peri-tumor tissues were 
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| Immunohistochemistry (IHC) staining
Sections were stained according to a previous publication. 23 The section was incubated with primary mouse anti-human Ab for RORct (MABF81; Millipore), the sections were stained with diaminobenzidine (DAB) according to manufacturer's protocols and mounted and photographed using a digitalized microscope camera (Nikon, Tokyo, Japan). 3 | RESULTS
| Statistical analysis
| miR-451 was differently distributed in tumor tissue, infiltrated T cells and exosomes in human gastric cancer
To investigate the expression of miR-451 in human gastric cancer, we selected 76 paired gastric cancer and peri-tumor fresh tissues.
Expression of miR-451 was determined by real-time PCR; the result indicated that miR-451 was significantly lower in gastric tumor tissues compared to their peri-tumor tissue ( Figure 1A ), the result was similar to many previous studies. 8, 25 Next, we isolated tumor infiltrating leukocytes (TIL) from the tumor and peri-tumor tissues and further isolated CD3-positive cells with magnetic beads. We found an interesting result that miR-451 was overexpressed in infiltrated T cells in tumor tissues ( Figure 1B) . As many studies indicated that miR-451 is a secreting miRNA and can be detected in human serum, 26 and the secreting miRNA can be packaged by exosomes, 20 we isolated the exosomes from the serum of gastric cancer patients as well as 42 healthy controls. Exosome miR-451 was significantly higher in gastric cancer patients compared to the healthy controls ( Figure 1C ).
We then further explored the expression of miR-451 depending on different clinical features. First, we divided the GC patients into 2 groups: G1-G2 (n = 40) and G3-G4 (n = 36). We found that miR- (Figure 2E) . We compared these 3 indicators, and exosome miR-451 is a relatively feasible and easily acquired indicator for predicting the prognosis of post-surgery GC patients. Previous studies indicated that miR-451 might negatively associate with the activity of mechanistic target of rapamycin (mTOR) which is an essential factor in glycolysis, 27, 28 and mTOR activity was associated with Th17 cell differentiation. 29, 30 Therefore, the association between exosome miR-451 and Th17 cells will be further investigated.
| Exosome miR-451 was associated with Th17 distribution within infiltrated T cells
To investigate the role of miR-451 in the tumor microenvironment (TME), we analyzed Th17 distribution within human GC. First, we determined Th17 percentage in the tumor infiltrated T cells. We defined Th17 as the subset of CD4+ IL-17A+ RORct+ T cells after 
| GC exosome-derived miR-451 might contribute to increased Th17 differentiation in low glucose condition
To test the hypothesis that infiltrated T cells and exosome miR-451 is derived from GC cells, we set up a cancer cell-T cell coculture system.
Based on the previous studies indicating that expression of miR-451 depended on the concentration of glucose, 27 high and low glucose culture conditions were used. With the treatment of high glucose, miR-451 was highly expressed mainly in GC cells, part of miR-451 was enveloped in the exosome, and the expression of miR-451 was relatively lower in the T cells cocultured with GC cells ( Figure 4A ). However, when we changed to the low glucose condition, the distribution of miR-451 changed inversely, GC miR-451 expression decreased while the T cells miR-451 increased significantly. We noticed that the miR-451-positive exosome was detected out of the cancer cells (Figure 4A) . Furthermore, as a control, we also detected miR-451 expression in separated cultured T cells with low and high glucose, respectively. We found that miR-451 expression in the low glucose medium was much lower than the expression in the high glucose medium ( Figure 4A ). Therefore, we can verify the postulation that miR-451 can be transferred from GC cells to T cells by exosomes.
To confirm that miR-451 can be secreted into cell culture medium by exosomes in low glucose conditions, MKN45 cells Figure 4B ). However, it showed a significant difference in the low glucose condition; we found that the separated cultured T cells had a significantly low TSC1 expression, lower AMPK activity and higher mTOR activity than the cocultured T cells ( Figure 4C ). We also carried out a Th17 polarization stimulation assay using the GC-T cells coculture method; the T cells were collected after 5 days stimulation, the result indicated that the Th17 percentage increased significantly in the low glucose condition ( Figure 4D ). The signaling pathway was also investigated, and we found that low glucose can increase activation of s6k1/ERG2 activation in GC cocultured T cells (Figure 4E ) which was one of the signaling pathways regulating Th17 by mTOR. 31 Taken together, we concluded that the increased percentage of Th17 might be as a result of increased miR-451 within the infiltrated T cells, and the increased miR-451 was GC exosome originated.
| DISCUSSION
Several studies have indicated that miR-451 is energy-responding miRNA, the transcription of which can be modulated by some environmentally sensitive transcriptional factors and pathways such as confluence TME which can promote angiogenesis to obtain more energy. 22, 23, 33 Conclusively, in our study, we found that exosome miR-451 can serve as an indicator for poor prognosis of post-surgery GC patients and that increased secretion of exosome miR-451 can be triggered in a low glucose condition. Moreover, exosome miR-451 can be transferred to T cells which increase their differentiation to Th17 cells. We think our findings not only highlight the possibility to apply exosome miR-451 in clinical diagnosis, but also to enhance our knowledge of how tumor cells modify the microenvironment and thus to find feasible therapeutic strategies.
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